Abstract. Water soluble and biocompatible 3-mercaptopropionic acid capped gallium selenide nanocrystals, were synthesized from hydrated gallium (III) perchlorate and selenide ions. The 3-mercaptopropionic acid capped gallium selenide nanocrystals, was non-fluorescent but showed a sharp UV-vis absorption maximum at 250 nm.The synthesized nanoparticle was used to develop an electrochemical biosensor for the detection of 17-alpha-ethinyl estradiol, an estrogenic endocrine disrupting compound (e-EDC). The biosensor was fabricated by potentiostatic deposition of novel gallium selenide nanocrystals on a L-cystine modified gold electrode, followed by covalent coupling of genetically engineered cytochrome P450-3A4 (CYP3A4), a Heme containing enzyme.
Introduction
17-alpha-ethinyl estradiol (17EE), a natural/ synthetic hormone that is one of the main active elements in birth control pills and hormone replacement therapy, has been classified as an estrogenic endocrine compound (e-EDC). Naturally occurring hormones, such as 17EE, are involved in the control of the early mitotic proliferation phase of germ cells during spermatogenesis in males [1] [2] and takes part in regulation of final oocyte maturation and ovulation in females . Due to the ability of 17EE to alter the sexual behavior of animals and because of their ubiquitous nature, the need for detection of trace amounts of this chemical using simple, low cost, highly sensitive, low detection range, highly selective and easy to handle techniques becomes necessary.
Conventional methods have been reported for the detection of estrogenic endocrine disruptors.
These include methods such as chemiluminescence enzyme immunoassay [5, 6] , high performance liquid chromatography (HPLC) [7, 8, 9] , as well as enzyme linked Immunosorbent assay (ELISA) [10] . But since they are expensive, and require complex pre-treatment, long analysis time and compound recovery systems, scientists have placed their focus on alternatives such as biosensors.
Biosensors are electrochemical transducers that employ a bio-recognition element as the basis of their detection. Several biosensors have been developed for the quantification of endocrine disruptors such as 17β-estradiol [11, 12, 13] using different electrode modification techniques.
Cytochrome P450 iso-enzyme, CYP3A4, is the most catalytically versatile, having the ability to catalyze the oxidative metabolism of various xenobiotic compounds which includes chlorophenols, pesticides, carcinogens, etc [14, 15, 16, 17] . In this transducer, CYP3A4 oxidatively metabolizes 17EE to estrone as described in (Fig.1) . Though this cycle involves electronic transfer but this is very poor for electrochemical detection, thus we have employed nanoparticles as part of our electrode modification.
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Metal selenide semiconductor nanocrystals, or nanoparticles are receiving remarkable research attention because of their size-dependent optical and electrical properties [18] . Among the many metal selenide known, gallium selenide which is a member of III-VI group has a number of interesting properties for electrical and nonlinear optical applications [19, 20] . In fact, thin films of III-VI group materials are potential alternatives to II-VI group materials in optoelectronic and photovoltaic devices and also have a potential application as passivating layers for III-V devices [21, 22] . When functionalized with amphiphilic bi-functional molecules such as mercapto carboxylic acids [HS-(CH2)n-COOH, n = 1-15] [24] , the small sizes of nanoparticles can enhance the transfer of electrons during analysis [25] . The small sizes of the nanoparticles increase the surface area of the electrode thus affording more binding sites for the enzyme. A high amount of enzyme on the electrode surface increases the rate of diffusion of the analyte towards the electrode [11] . Also, the carboxylic group offers a biocompatible surface since it can react favourably with the amino group of enzyme without loss of enzyme activity. Short chained capping agents such as mercaptopropionic acid (MPA) have been used for self-assembly on gold electrode [26] Electrochemical impedance spectroscopy (EIS) measurements were recorded with Zahnner IM6 electrochemical workstation (MeBtechnik).
Ultra violet-visible (UV-vis) absorption measurements were made on a Nicolet Evolution 100 UVvisible spectrometer (Thermo Electron, UK), using a quartz cuvette. AFM was done with Nanosurf easy scan AFM system version 2.2. 
Methodology
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Results and Discussion
Spectroscopy of the 3MPA-Ga 2 Se 3 nanocrystals. The UV-vis absorption spectrum of the Ga 2 Se 3 -3MPA in Figure. 3 shows a broad absorption maximum at 250 nm. This is an indication that the particle size distribution is inhomogeneous which may be attributed to the interferences from the sample matrix, such as the capping agent of the nanocrystals (3-mercaptopropionic acid) and the NaBH 4 which was used during synthesis.
Nano Hybrids Vol. 1 7 The bare Au electrode exhibited a very small semi circle at lower frequency. After the assembly of the 3MPA-Ga 2 Se 3 nanocrystals on the Au electrode, the R ct value increased 10 fold. The increase was found to be 95.5 % in comparison to the bare. This is attributed to the presence of the 3MPA-Ga 2 Se 3 nanocrystals, which played a major role in decelerating the charge transfer of the electrons.
The deceleration is highly due to the electrostatic repulsion between the Ga 2 Se 3 -3MPA nanocrystals and [Fe(CN) 6 ] 3-/4-redox probe which are both negatively charged. This behavior is intrinsic to semiconducting materials. nanocrystals caused the disappearance of these peaks which indicate that the nanocrystals were successfully immobilized on the electrode surface. Upon successive additions of 17EE into the 0.1 M PBS (Fig.10) , there was an appearance of reduction peak that occurred at a potential of -220 mV, the peak was an indication that the presence of 17EE induced an increase in the rate of dioxygen binding to the heme group of the CYP3A4. The catalytic reduction of 17-alpha ethinyl estradiol was then found to be irreversible, due to the absence of oxidation peak couple.
In Fig. 11 , the square wave voltammetric (SWV) response of the biosensor at different concentrations of 17 alpha-ethinyl estradiol is shown. The biosensor gave a similar response of SWV as that of the cyclic voltammetry. In the factor of increasing the concentration of 17 alphaethinyl estradiol, there was an increase in the reduction peak current at a potential of E p = -220 mV.
The SWV reduction peaks gave an amplification of the observed peaks of the CV.
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Controlled Experiments. A set of controlled experiments was performed to evaluate the response of the biosensor. This was done to pin-point the exact modifier which is responsible for the biosensor response in detecting 17-alpha-ethinyl estradiol. As shown in Figure 12 , upon addition of 54.25 nM 17-alpha-ethinyl estradiol on the bare electrode, there was no response at all as expected.
On the Au/L-cystine modified electrode no reduction peak was observed, thus also no notable response. The Au/L-cys/3MPA-Ga 2 Se 3 modified electrode showed a very slight response and on the biosensor, a very distinct response was observed. This means that the response of the biosensor is due to the 3MPA-Ga 2 Se 3 and the enzyme, as it has been expected. 
